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ELABORAÇÃO DE UM PLANO DE CERTIFICAÇÃO PARA O 
SISTEMA DE PROTEÇÃO CONTRA GELO DE UMA AERONAVE 
 
Resumo: O presente trabalho visa apresentar uma proposta de um plano de certificação 
de um sistema de proteção contra gelo de uma aeronave com base em referências 
bibliográficas relacionadas ao tema, e também em eventos ocorridos em aeronaves 
devido a este fenômeno e que cujo resultado esperado é poder tornar viável a sua 
aplicação para qualquer projeto de aeronave.   
Palavras-chave: Proteção Contra Gelo. Perfis Aerodinâmicos. Certificação. 
Aeronavegabilidade. 
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AIRCRAFT ICE PROTECTION SYSTEM  CERTIFICATION PLAN 
DEVELOPMENT 
Abstract: The current paper aims to present a proposal for an aircraft ice protection 
system certification plan based on some references related to this subject and also to 
some events such as accidents occurred in aircrafts due ice accretion. The expected result 
is to become suitable the application of this ice certification plan to any project of fixed 
wing aircraft.  
Keywords: Ice Protection System. Airfoil. Certification. Airworthiness. 
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1. INTRODUCTION 
           Since the beginning of the aviation the phenomenon of the ice accretion on the 
aircraft surfaces is one of the most concerns and it means a very important and relevant 
subject in the aeronautical international community and it involves the industry 
(manufacturers) , aircraft certification authorities and also research center of some 
universities around the world once this phenomenon may cause serious accidents in the 
aircraft considering that ice accretion generates loss of control of aircraft surfaces and 
also loss of aircraft lift .  
    Thus, the study of the process of ice accretion in some airfoils has been the main 
purpose of reasonable investigation around the world and also the interesting in the 
technology evolution in this area has also grown considerable (SILVEIRA, 2001).  
          The current paper aims to present a proposal for an aircraft ice protection system 
certification plan . This study will be based on some references related to this subject and 
also to some events such as accidents occurred in aircrafts due ice accretion.   The 
importance and relevancy of this study is based on the great relevancy of this subject in 
the international aeronautical community that can be reached in several academic and 
technical papers conducted by universities and aircraft manufacturers developed in the 
last years. The objective is to become available an aircraft ice protection system  
certification plan to be applied to any aircraft design. 
2. THE CERTIFICATION PROCESS OF A CIVIL AIRCRAFT 
2.1 Introduction 
            As all aeronautical product, the ice protection system needs to pass through the 
rigorous certification process to demonstrate the compliance with the design requirements 
to certify the type design required by the main civil aircraft certification authorities such 
as FAA (Federal Aviation Administration), EASA (European Aviation Safety Agency), 
TCCA (Transport Canada Civil Administration) and ANAC (Agência Nacional da 
Aviação Civil). 
 
The history of aeronautical certification for the ice protection system began during 
the World War 2, where research in the ice area was developed in a different way from 
other surveys. The NACA (National Advisory Committee for Aeronautics) found that 
these types of researches could find solutions to general problems and also to bring 
benefits to the entire aviation industry especially with regard to the certification of 
aircraft. 
 
           Thus, it was necessary a preliminary and fundamental understanding how the ice 
was formed in the clouds. In 1944, NACA initiated a program to compile statistical data 
to define the ice conditions, culminating in the 1950s in reference guides for the design of 
ice protection systems, which would become the basis for the requirements or federal 
aviation certification regulation for the certification of these systems. The evolution in the  
ice research became it a discipline that combines both theoretical and experimental 
aspects. 
 
The evolution of the studies presented by the NACA reports led to the current 
envelope ice Appendix C of 14 CFR Part 25, and also the requirement of 25.1419 Ice 
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Protection System. This requirement now directs all certification of ice protection system 
of an aircraft. Apart from the requirement 25.1419, other related Subpart B flight test 
requirements should be considered in demonstrating compliance with the requirement 
25.1419, such as requirements 25 143 and 25 207. 
 
           Appendix C of 14 CFR Part 25 is the main reference for the certification of an 
aircraft in icing conditions. Through Appendix C is possible to check the flight envelope 
in icing conditions, and based on this envelope is that an aircraft manufacturer will 
develop your project to attend this appendix and thus to comply with the requirements of 
the inherent protection system for ice and also for the requirements specific for handling 
qualities abd performance (Subpart B of 14 CFR Part 25) certification. 
 
            Figure 01 below shows the regulation evolution and also some important patent 
applied to the ice protection system in a timeline. 
 
             Figure. 1: Timeline of the regulation evolution and also the technologies applied to the ice protection system.  
            Reference: The author (2014) 
 
As a future trend to the current Appendix C, the aviation community today and 
specially the certification authorities study the inclusion of the ice called SLD (Super 
Large Droplet) as a mean of compliance for the type certification and the possible 
creation of a new Appendix containing a dedicated flight envelope for the ice SLD. In 
fact this new appendix and more two additional design requirements will be added in the 
federal aviation regulation next year (2015) for the new aircraft design or even 
modifications for the current transport aircraft models. 
In case, the present work is limited to the case of certification for fixed-wing 
aircraft. 
2.2 Certification Basis  
The basis for this process is in the requirements of the FAA code, in this case 14 
CFR Part 21 (Aircraft Certification Process) for all types of aircraft, 14 CFR Part 25/23 
(Aircraft Design Certification Requirements) for fixed wing aircraft and also 14 CFR Part 
27/29 (rotorcraft Design certification requirements) for rotorcraft beyond denominated 
ACs (Advisory Circulars) employed to guide compliance with the certification 
requirements, such as: AC 20-73 (aircraft ice protection), AC 25-25 (Performance and 
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Handling Characteristics in the Icing Conditions specified in Part 25, APPENDIX C), AC 
25-1419 (Certification of Transport Category Airplanes for Flight in Icing Conditions), 
AC 25-7 (Flight Test Guide for Certification of Transport Category Airplanes) and other 
applicable software system such as DO-160 environmental testing (exposure to HIRF 
(High Intensity Radiated Field) and Lightning, humidity levels, high and low 
temperatures, among other criteria for testing the components of the anti-ice) system, and 
the ARP 4574 that deals with the Safety Assessment process, where the anti-ice system 
must meet certain levels of reliability and that the system will operate as designed. 
 
Among the requirements for certification, the principal involving the ice 
protection system are: - 14 CFR Part 25.1419, 14 CFR Part 25.1309, 14 CFR Part 
25.1301, and 14 CFR Part 25 207. 
 
- Appendix C of 14 CFR Part 25 (Flight in Icing Conditions): Divided into two 
parts this Appendix of the 14CFR Part 25 deals exclusively with weather conditions in 
icing conditions to be met by the requirement 25.1419. In this Appendix the flight icing 
envelopes are presented considering the criteria of LWC (Liquid Water Content) or 
amount of liquid water, MVD (drop median volume diameter) or mean effective drop 
diameter in the cloud, Altitude and Atmospheric Pressure. In the first part, the definitions 
of atmospheric conditions in ice conditions are presented. And basically it falls into: 
 
(a) Continuous icing maximum: Defined as the maximum intensity continuous 
icing conditions in the atmosphere is defined by the variables LWC (liquid water 
content), average effective diameter of the cloud droplet (MVD), ambient air temperature, 
and inter relatedness of these three variables as shown in Figure 1 of this appendix 
(Appendix I). The limiting envelope of ice in terms of altitude and temperature is shown 
in Figure 2 of this appendix according to Annex I. The interrelationship LWC, MVD, and 
altitude can be determined from Figures 1 and 2 in Appendix C. for LWC ice condition of 
continuous maximum (maximum continuous) with a not greater than 17.4 nautical miles 
horizontal extent is determined by the value of LWC Figure 1 multiplied by the factor of 
Figure 3 in Appendix C. 
 
(b) Intermittent maximum icing: Follows the same concept of maximum 
continuous ice, establishing an interrelationship between the variables of LWC, MVD, 
and air temperature only for a not greater than 2.6 nautical miles horizontal extension. In 
Appendix C, Figures 4,5 and 6 (Appendix I) show graphs of the relation of these 
variables as well as the envelope of the ice condition of intermittent maximum, which 
determines the LWC value for the condition of maximum intermittent. 
 
(c) maximum icing Takeoff: For takeoff, the maximum ice condition is set to a 
LWC 0.35 g / m3, an MVD of 20 microns and an ambient air temperature at ground level 
to -9 ° C. This condition of maximum ice on the runway extends from ground level to a 
height of 1,500 ft above the takeoff surface. 
 
             The second part of Appendix C discusses aspects concerning the formation of ice 
on aircraft, bringing both the general definition of ice accretion to be considered for each 
flight phase, and that the most critical condition for ice accretion in terms of analysis 
performance and flying qualities was considered by the manufacturer for the 
demonstration of compliance with the certification requirements in the design. Another 
important point is the configuration of the aircraft in terms of speed, altitude and angle of 
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attack. 
Regarding the definitions of forms of ice for the flight test campaign, Appendix C 
provides definitions of growth of ice considering the phases of flight. 
              Thus, Appendix C presents the definitions and characteristics for takeoff ice, ice 
at the end of the final takeoff ice on the route (in route) Holding ice, ice on ice on 
approach and landing. 
           Appendix C also includes other important settings relating to the analysis of the 
most critical condition ice to be considered to represent a less critical phase to allow 
optimization of the flight test campaign. 
Besides this aspect, Appendix C also shows the importance of having an assessment by 
the crew of flight procedures in the ice condition scenario, and what should be in the 
aircraft flight manual. 
            Another point is regarding the demonstration of non-protected areas can be made 
by filing a thermal analysis, and also regarding the evaluation of instant pre-activation of 
the system, ie, before the ice protection system start its performance in the leading edges 
to predict that despite being a small time interval, if any ice formation occurs, it may be 
disregarded. 
2.3 Definition of Means of Compliance (MoC)  
           Thus, for that a given manufacturer of aircraft, either fixed-wing or rotary-wing 
even meets the certification requirements in a way that the product be available in the 
market within a period of design, and at the same time meets all certification 
requirements of the system to ensure the flight safety and also the airworthiness 
requirements of the product, the development of a certification plan with a proposed 
means of compliance with the certification requirements of aviation authorities is 
necessary to be prepared without delay the period of time of entry product or service in 
the market. The proposed means of compliance in turn, depend on the interpretation of 
the requirement by the manufacturer as well as by the aeronautical authority according to 
the characteristics of the project. 
The means of compliance generally has a classification that can be defined as 
follows: 
0 - Statement: In this case, only one reason or rationale can be considered to be 
sufficient to meet a particular requirement. 
1 - Design Review: In this case, the term design review means a design report to 
describe a particular system or system component of the aircraft. 
2 - Analysis / Calculation  
3 - Safety Assessment 
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4- Laboratory Tests 
5 - Ground Test 
  6 - Flight Test 
7 - Inspection 
8 - Simulation 
9 – Qualification 
              Besides the preparation of a proposal for a plan of certification based on the 
means of compliance listed above, this plan of manufacturer's certification must be based 
on some reference standards and documents of the aeronautical authorities who are CAs 
or Advisory Circular, issued by the FAA . 
              In the case of the ice protection system, there are two main ACs: AC 20-73 A 
(Aircraft Ice Protection) and the AC 25-1419 (Ice Protection System) and other 
applicable advisory circular already mentioned earlier in this chapter. 
3 Methodology 
 
3.1 The Elaboration of the Certification Plan 
                     According to requirements established by 14 CFR Part 21 which deals with 
the certification process of an aircraft, and also by what suggests the FAA AC 20-73, 
early in the project, the aircraft manufacturer must submit a plan for certification of the 
aircraft as a whole, and also a certification plan dedicated to ice protection system and to 
present the proposal indicating all means of compliance with the essential requirements 
of the ice protection system such as 25.1419 (Ice Protection System) and mainly how the 
manufacturer will meet the rigorous Appendix C of Part 25 which shows all the aircraft 
flight envelope in icing conditions as well as the main types of ice shapes (artificial ice) 
that the manufacturer should take into account both in its design and in the flight test 
campaign. (In the specific case of the ice protection system, the AC 20-73 is applicable 
because as already shown in section 2.2, this AC is dedicated to the ice protection system 
certification, and this AC suggests the elaboration of the ice protection system 
certification plan as a means of compliance with the requirements of the anti-ice 
protection system. It is also important to mention that this AC must be considered applied 
in conjunction with other ACs also considered applicable and relevant to the ice 
protection system such as ACs 25-1419, 25 -25, and 25-7 that address both the ice 
protection system such as the requirements of Subpart B of 14 CFR Part 25, which deals 
exclusively with the requirements of handling qualities and flight performance). 
                     Thus, both the manufacturer of the aircraft as the aircraft engine should 
present this proposal for a specific certification plan for the ice protection system for your 
local authority approval. 
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                      Thus, the certification plan (which can also be a checklist) must be 
submitted for approval of the local approval authority, considering that the design of the 
ice protection system of the aircraft or IPS (Ice Protection System) is mature enough to 
do that if this application. The certification plan according to the FAA AC 20-73 should 
contain at least the following items: 
a. Description of the aircraft, the aircraft engine and the aircraft systems. 
b. Description IPS (Ice Protection System) as presented in Chapter 3, where all 
components of IPS such as control valves, pressure sensors and temperature 
probes, electronic control unit, as well as their interfaces with other systems 
aircraft. 
c. A detailed description of any changes in the aircraft IPS. 
d. The certification basis (may be 14 CFR Part 23/25/27/29) for the application or 
request for approval of the project, ie to know which amendment shall be made to 
comply with the requirement, e.g, 14 CFR Part 25 amd.129, or RBAC Part 25 
Amendment 129 because depending on the year of implementation of the project, 
the certification basis may or may not have to consider inclusion of new 
requirements, new ACs, etc. 
e. The checklist for certification, including the names of designated 
representatives of engineering for the project. This checklist should also include 
reports documenting the means of compliance with the requirements. 
f. Certification schedule. Description of applicable analyzes and tests to be 
performed. 
h. Plans for compliance inspection (specimen) for the system and for the aircraft 
at the time of execution of the tests mentioned. 
i. Reviews and Risk Analysis (Risk Assessment) for the campaigns and their 
certification tests to demonstrate compliance with the requirements. 
j. Software considerations. 
k. Considerations / statements of the means of compliance with requisiots of 
HIRF (High intensity radiated fields) and lightning. 
l. A list of test results certifying ice (natural, simulated, dry air and wind tunnel), 
and if applicable, the special operating procedures. 
m. If the ice protection system has complex electronic hardware (such as PLD 
(programmable logic devices) or application specific integrated circuits (ASIC)), 
a plan showing the design assurance level (DAL) of these devices, as well as the 
analysis of possible failures or system malfunctions that may result from any 
failure of electronic hardware. 
Eng Res, v. 6, n. 2, p. 1-20, April / 2015. doi.org/10.32426/engresv6n2-001 13 
              In addition to the items above, the manufacturer shall provide a thermal analysis 
of the system, and also analysis related to the collection efficiency of water and water 
limits impingement in the surfaces of the aircraft considering all flight configurations of 
the aircraft and its flight phases, as well as operating envelopes (including airspeed, 
aircraft configuration, and angles of attack). 
            The purpose of this thermal analysis, is to determine precisely the extent of ice 
protection on the surface using the ice conditions defined in 14 CFR Part 25, Appendix C, 
and also to analyze the quantity of heat and energy required by the pneumatic system or 
another heat source required for IPS, which is done just by means of compliance MoC 2 
= (analysis), which is an analysis of the balance mass and energy of the anti-ice system. 
              Furthermore, another important thing regarding the thermal analysis model is 
that based on this model it will be possible to compare the data obtained with the 
prediction of ice accretion model with the results of the flight and ground certification 
tests, and thus validating this thermal model of the aircraft leading edges of the wing and 
the horizontal stabilizer demonstrating that it was effective in predicting the formation of 
ice on the analyzed surfaces. The aircraft manufacturer can only take credit to obtain 
some system parameters such as freezing fraction, equilibrium temperature of the surface 
and the velocity calculation required to be no ice formation on surfaces after the 
validation of this thermal model by the certification authorities. 
             An important observation is that the aircraft manufacturer must obtain the 
approval or acceptance of this certification by the local plan approval authority before 
starting the certification tests on the aircraft. 
Results and Discussions 
 
4.1  The Certification Plan Structure 
The structure of the certification plan should follow as reference the items 
mentioned in the previous section, such as the purpose of the plan, the list of applicable 
certification requirements, a description of the anti-ice protection system, tests planning , 
and also possible to have a table (checklist) containing a list of topics and certification 
requirements for the ice protection system, and their means of compliance as well as their 
justifications, for example, for a particular requirement was awarded through the 
compliance review, a rationale must detail and justify why this analysis will comply with 
the applicable requirement. 
Thus Table 1 below shows a relationship of each requirement with an appropriate 
and applicable means of compliance to fulfill the purpose of each one of the 
requirements. 
This table was prepared specifically based on the individual interpretation of each 
of the certification requirements deemed applicable to the ice protection system. 
Thus, as an example, if we analyze the requirement 25.1419 (ice protection 
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system) that has been presented in Section 2.1, we can see that based on both the reading 
and interpretation of the requirement as well the respective ACs 25-1419, 20-73, 25- 25 
and 25-7 applicable to this requirement, the possible means of compliance to this 
requirement are as follows: 
- MoC = 6 - Test Flight (flight test: campaigns natural ice, artificial ice, and 
system performance during flight). 
- MoC = 5 - Ground Test (check messages, system integration, etc.) 
- MoC = 4 - Laboratory (in ice tunnel tests to determine the ice trays, test HIRF / 
Lightning for the ice detector and associated components, testing bench, etc.). 
- MoC = 2 - Review (for thermal analysis system: energy balance and mass in 
order to demonstrate the prediction of ice formation on the leading edges of the surfaces 
analyzed through mathematical models) 
- MoC = 7 - Inspection (Inspection of the aircraft system components, the panels 
in the cockpit as well as your trigger buttons, etc). 
- MoC = 3 - Safety Assessment (Analysis of the levels of reliability of system 
components) 
Thus, by making similar analysis for each applicable requirement presented in 
Table 5 it is possible to determine which is the proper means of compliance for each one 
of these requirements considering also the respective AC applicable for this requirement, 
for example, the requirement to 25.1309, the AC 25-1309, and SAE ARP 4574 should be 
followed. 
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Table 1 – Check List of certification requirements and means of compliance for the ice protection system. 
 
            From Table 1 it can be noted that several certification requirements are applicable 
to the ice protection system as well as a range of means of compliance, often involving 
other technologies, such as the aircraft engine, for example. 
              In order to illustrate one of these means of compliance Figures 1 and 2 below 
show some images of flight and laboratory (icing tunnel) tests for the ice protection 
system. 
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                                     Figure 1 ‐ Details of laboratory tests (icing tunnel)  (HAUF et at, 2000) 
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                                         Figure 2 ‐ Details of flight tests in icing conditions (HAUF et at, 2000) 
                 Another important point to be considered in the certification plan is the 
compliance with Appendix C of 14 CFR Part 25 (Atmospheric Icing Conditions) which is 
directly related to compliance with the requirements of the Table 1 above where they 
should follow the flight envelope in ice condition for the operation of the aircraft, and the 
inter-relationship between LWC, MVD, altitude and temperature. 
                 Figure 4 also shows the envelopes of flight in icing conditions of Appendix C, 
which should be followed by the aircraft manufacturers such to the development of the 
ice protection system as to the process of certification.  
                 Appendix I also shows the Appendix C of the 14 CFR Part 25 of the FAA in 
its totality. 
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Figure 4 – Appendix C of 14 CFR Part 25 (Envelop in ice conditions) 
 
        Thus the aircraft ice protection system certification plan has as its main 
reference the Table 1 shown above, where it is possible to observe the relationship 
between the requirement and the means of compliance with the certification requirement 
applicable to the ice protection system. 
 In Table 1, as already mentioned in the previous section, the plan must also to 
provide detailed information of the system description of the aircraft, and also the 
appropriate analysis relating to fault conditions of the system components. 
Another important analysis is the thermal analysis, and it should be included as 
part of this certification plan. 
  One way to structure the certification plan is to consider it as a report containing 
the chapters with their various topics, and some attachments.  
                   Thus each chapter of this report should address each of the items listed by AC 
20-73 A, and that was presented in the previous section, and also to have a dedicated 
topic or chapter containing the detailed information regarding the certification basis of 
the aircraft (either Part 23/25 for aircraft fixed wing and rotary wing aircraft for Part 
27/29). 
                  This report should contain some main topics, and this plan must be clear on its 
purpose. Besides the purpose this report should have a list of the certification 
requirements as well as their means of compliance, thus Table 5 summarizes the main 
requirements and the system integration with other technologies.  
                        The system description and a more compact presentation of the potential 
system failures analysis and their means of mitigation, as well as the envelope of system 
operation should be mentioned in the plan.  
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                         Finally this plan should have a conclusion mentioning that the proposed 
plan intends to comply with the certification requirements for the ice protection system. 
                   An important point is that this plan will be approved and need to be accepted 
by the certification authority to ensure the continuing of the aircraft certification process.                  
                       This acceptance of the certification plan occurs generally through several 
interactions and meetings between the technical specialists from each of the organizations 
involved in the process (manufacturer and the certification authority), and in this case this 
interaction need to start soon in order to be possible to obtain the approval of the 
certification plan according to design schedule. It is also important to mention that beside 
the certification plan, the test results will also to contribute to the compliance with the 
applicable requirements.   
CONCLUSION  
4.1 General Considerations 
                 Due to the complexity that involves the certification of an aircraft and 
its systems a certification plan specifically is necessary and it also has a 
fundamental importance for obtaining the type certificate of an aircraft. 
                  In this paper a proposal for an aircraft ice certification plan was 
presented. This proposal was based on the interpretation and demonstration of 
compliance with the main certification requirements of the ice protection system 
as well as with the documentation and standards of certification authorities 
associated with the subject, and at the same time to become this plan available for 
use in future aircraft designs. 
                  Considering that an aircraft certification requirement aims to contribute and to 
increase the flight safety it is possible to conclude that the proposed ice certification plan 
that follows the guidance of a certification document such as AC 20-73 and AC 25-1419, 
for example, it also contributes directly to the flight safety and for continued 
airworthiness.  
                   Regarding the expected result, it is possible to mention that it has been 
reached once this plan is considered feasible for application in any type of design aircraft 
   4.2 Proposal for future work 
As a proposal for future paper it is possible to develop a certification plan dedicated to 
the SLD ice (Super cooled Large Droplets), because several discussions are still 
happening in the international aviation community regarding this type of ice as well as 
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new icing predictions tools using mathematical models are under development which 
were not detailed in this plan, but can be presented in a future work such as the proposal 
of compliance for the new certification requirements for the SLD ice. 
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